Protein import by mitochondria makes use of a series of molecular machines located in the outer and inner mitochondrial membranes [1][2][3]. One of these, a protein translocase in the outer membrane called the TOM complex, is responsible for translocation of every substrate protein into mitochondria. Some will be sorted to the outer membrane, some to the intermembrane space, while most have an amino-terminal targeting sequence that will enable their subsequent transfer to the TIM23 complex in the inner membrane.
Tim21 Binds Tom22 to Tether the TOM and TIM Complexes
Mitochondrial targeting information is encoded in basic and amphipathic sequences of precursor proteins, recognized in a step-wise manner by domains of the TOM and TIM complexes [5] . Targeting sequences are first bound by surface receptors of the TOM complex and then transferred into its translocation channel. Detailed work using isolated outer membrane vesicles showed subsequent binding of the substrate's targeting sequence to a 'trans site' [6] . In intact mitochondria, this trans site would be within the intermembrane space. Further studies, using diverse substrate proteins showed the carboxy-terminal domain of the receptor protein Tom22 contributes to this trans site [7] [8] [9] .
Tim21 is a subunit of the TIM23 complex that binds the carboxyterminal domain of Tom22 [4] ( Figure 1 ). The interaction is sufficiently stable that the TOM complex can be pulled down from detergent-solubilized mitochondrial extracts on agarose beads to which the intermembrane space domain of Tim21 is fixed. When a substrate protein is arrested in contact with Tom22, these 'occupied' TOM complexes are not stably bound to Tim21. Tim21 appears to act on Tom22 some time after the binding of substrate protein, tethering TOM to the TIM23 complex and promoting the discharge of substrate.
Two forms of the TIM23 complex are now known to exist: one form contains Tim21, while the other lacks Tim21 and instead contains subunits of the PAM complex [4] . In a dynamic sense, Tim21 is needed at an early stage for tethering and promoting transfer of the substrate to the TIM23 complex, but disengages from the complex at a later stage (Figure 1 of several subunits including the mitochondrial Hsp70 and the Jprotein Pam18. Pam18 links the PAM complex to the TIM23 complex, through interactions it makes with the Tim17 subunit [4] .
Once a precursor protein has been successfully translocated into the matrix, the TIM23 complex must be reset, with Tim21 returning to take the place of the PAM complex ( Figure 1 ). The disengaged PAM complex is probably not completely dissociated, given the low fluidity of the mitochondrial inner membrane, and it seems more likely that Tim21 and the PAM complex alternately occupy a tight-site on Tim17, with the PAM complex being tightly bound for as long as a precursor is in transit.
Re-Setting the TOM Complex: Loading an Entropic Spring?
The TOM complex is unusual for a protein translocase in that substrate protein entry and formation of translocation intermediates at the trans site requires no apparent input of energy. Nonetheless, the kinetics with which protein import must proceed requires a mechanism that promotes efficient and productive movement of the substrate through the TOM complex. Previous work on Tim50, another component of the TIM23 complex, showed it is essential for promoting formation of the transient intermediate between the carboxy-terminal domain of Tom22 and a substrate protein [10] [11] [12] .
A model that would satisfy the energetic demands of protein transfer across the outer membrane, and which is consistent with the functions described for Tim21 and Tim50 is illustrated in Figure 1 . The new studies [3, 4] have shown that the CP2 transcription factor Grainyhead is required for assembly of the complex chitin coat of the fly as well as the outer stratum corneum of the epidermis in mice. Furthermore, in both flies and mice, Grainyhead is rapidly upregulated in the epithelium if either of these protective outer layers are damaged, and it appears to be necessary for successful healing.
The embryonic epidermis of Drosophila is composed of a simple squamous epithelium covered by a protective barrier called the cuticle, which is made of a mesh of crosslinked proteins and chitins [ 
